Experiments in preparation for search for uranium ternary fission by means of nuclear track emulsion are summarized. The study will be focused on the possible involvement of the unstable nucleus 8 Be in the suggested scenario of the collinear tri-partition in the fission.
Introduction
Implantation of uranium compounds into nuclear track emulsion (NTE) allow one to expand experimental means of nuclear fission studies. It is worth recalling that for the first time ternary and quaternary fission induced by neutrons was observed in such a way [1] . For quite a while the ternary fission of the 252 Cf isotope introduced into NTE has been explored [2, 3] . Owing its origin to NTE the physics of the ternary fission can serve as one of the drivers of interest in this classical technique. Not providing timing and energy analysis NTE preserves its observational mission. Due to full sensitivity to charged fragments in the full solid angle at record resolution of 0.5 µm this technique provides spatial patterns of fewprong nuclear fission events not unavailable in any other approach. Being measured lengths and thicknesses of tracks allow one to classify last ones as produced by as α-particle, heavier or lighter fragment.
Search for the collinear cluster tri-partition (CCT) of fissionable nuclei is among current challenges (reviewed in [4] ). Such a process is assumed to proceed through sequential binary fissions via formation of an intermediate state composed of two resulting fragments. Such a state is considered existing long enough with the respect to the fission time scale to be considered as a kind of a nuclear molecule. Decaying sequentially it could lead to alignment emission directions of the three fragment along the common axis. Therefore, there are obvious difficulties in separating pairs of fragments moving in the same direction. Orientation toward the ternary fission involving sufficiently long-lived isotope 8 Be allows one to overcome this difficulty. 8 Be emission in spontaneous decays 252 Cf established recently [5] supports this idea. It is worth noting that the 8 Be emission mimics 2α-particle radioactivity. In general, unbound configurations of lightest nuclei (α,t) originated from decays of light nuclei exited above relevant thresholds arent excluded in the ternary fission.
The unstable 8 Be nucleus is considered as a loose bond of α-particles whose centers are a separated by a distance of about the α-particle size. So, it would be too little to refer it to exotic nuclei. Due to its size over deformation axis comparable to a heavy nucleus one 8 Be can be considered as an important participant among heavier fission fragments ( Figure   1 to the CCT pattern. Both scenarios seem intriguing and their interplay is possible. Thus, experimental examination of the pattern of the ternary fission involving 8 Be is an inspiring goal.
Regarding the current status of the NTE technique the following can be noted. Being developed more than half a century ago it remains a status of a universal and cost-efficient detector. BR-2 type NTE with an unsurpassed observation beginning from fission fragments up to relativistic particles. In the last decade, the NTE technique is actively applied in the BECQUEREL experiment [6] at the JINR Nuclotron allowing studying of light nuclei including radioactive ones nuclei at their relativistic dissociation [7] . Unstable nuclei 8 Be and 9 B were identified by invariant masses of their decay products in the cases of the isotopes 10 B and 10,11 C [8] .
Meaning of the last fact is as follows. As is known, nucleosynthesis chains involving Figure 2 shows example of "hammer-like" decay of 8 He nucleus stopped in NTE as typical among about two thousand observed ones in this study. The search for β decays of 8 He nuclei was concentrated on the search for "hammers". Often, gaps were observed between stopping points of primary tracks and "hammer-like" decays in the so-called "broken" events. "Broken" events were assumed to take place owing to drift of the produced 8 He atoms.
The directions of 8 He arrival, the stopping points of their nuclei, the vertices of their decay, and the α particle stopping points were detected for 136 "whole" and 142 "broken" events. In "broken" events, the decay points were determined by extrapolation of electron tracks. The distribution of opening angles for α-particle pairs has an average value of (164.9
± 0.7)
• . Such a "hammer" kink connected with momentum carried away by an eν pair is illustrating angular resolution.
The matching of an α-particle range to its energy is obtained via spline interpolation of calculations using the program SRIM. The energies and opening angles of α-particles yield the 2α invariant mass distribution Q 2α . The variable Q is determined as the difference between the invariant mass of the final system M * and the mass of the primary nucleus M . M * is determined as the sum of products of 4-momenta Figure 3 ) on the whole corresponds to the decay from the first excited
For events in which the ranges of both particles are shorter than 12.5 µm and the opening angles are larger than 145
• , the average value of Q 2α is equal to (2.9 ± 0.1) MeV with the RMS equal to 0.85 MeV, which corresponds to 8 Be 2 + . At the same time, this distribution has an extended "tail" which is not described by a Gaussian. The inset in Figure 3 shows the Q 2α distribution corresponding to both ranges longer than 12.5 µm. It is possible that its shape reflects the spatial structure of the 8 Be 2 + state. Reconstruction of 8 Be 0 + NTE exposed to 14.1 MeV neutrons allows one to study the ensembles of triples of α-particles produced in disintegrations of 12 C nuclei of NTE composition. Exposure of NTE to 14.1 MeV neutrons was performed on one of devices DVIN of an applied destination. In 400 selected 3α disintegrations measurements of angles relative to plane of a NTE layer and its surface as well as their lengths were performed for all α-particle tracks.
Distribution over ranges of α-particles L α has an average value L α = (5.8 ± 0.2) µm at RMS (3.3 ± 0.1) µm. This distribution has an asymmetric shape described by the Landau distribution. Directly associated with it the distribution over energy of α-particles E α defined by ranges L α in the SRIM model has an average value E α = (1.86 ± 0.05)
MeV and RMS (0.85 ± 0.03) MeV.
Determination of angles and energy values versus ranges allows one to determine the invariant mass Q 2α of pairs. Correlation over Q 2α and opening angles Θ 2α in α-particle these states (Figure 4 ). Its right side meets the shape expected from the decay through Then a specially developed device was applied; the source was moved over the surface of this device automatically according to a convenient space and time pattern. When the NTE surface irradiated by the Cf source was examined, planar trios consisting of pairs of fragments and long-range α particles and trios of fragments were found (see Figure 7 ).
The fragment opening angles were also measured in these events (Figure 8 ). Their distribution is characterized by an average value of (111 ± 2)
• and an RMS of 36
• . It can be concluded that no candidates for collinear fission have been found yet, and their search should be continued. The ranges of all fragments were measured in 96 events of tri-partition without α particles. The average energy of fission fragments is about 400 A keV.
Besides, NTE samples were exposed at the Flerov Laboratory of Nuclear Reactions (JINR) at the cyclotron IC-100 to 1.2 A MeV 86 Kr +17 and 124 Xe +26 ions and at the cyclotron U-400M to 3 A MeV 84 Kr ions. The irradiation was performed in vacuum irradiation chambers without a black paper using a red photo lamps as a light source. For better track observation, samples were installed at a large angle with respect to the beams. The sample irradiation density reached 10 6 tracks per cm 2 in several seconds. Figure 9 shows the range distribution for ions stopped in NTE without visible scattering. Then, the calibration of ion ranges in NTE needs to be extended much lower than 1 A.
Reducing energy of the IC-100 beam is possible in two ways. The first and most simple one is installation directly in front of a target aluminum film or Mylar desired thickness.
Its advantage consists in immutability of the measured particle flux, and relatively fast replacement of degrader, but the drawback is that after degrader is producing complex flows over ion charges, angles and energy. The second method is carried out by installing a degrader immediately at the output of the accelerator at the beginning of a long transport in the concentration of uranium in the solution from 600 µg/ml to 500 µg/ml at the first stage and from 500 µg/ml to 410 µg/ml at the second stage. This gives reason to assume the presence of sorption properties of the emulsion with respect to uranium.
The samples were developed in about two days. On macro photographs taken in one of the developed samples at immersion depths of 9, 15. 21 and 30 µm from the surface tracks of α-particles are visible ( Figure 11 ). An observer can notice that their density decreases rapidly. Samples from both batches were scanned over an area of 16 points 1 cm apart. In each point were carried out the photographing depth of field with a step of 1 µm with a microscope objective ×60 and adapter for camera ×0. plane of the sample was carried out visually on the obtained images with a step in depth of 3 microns. It was found that in the sample from the second batch the number of α tracks is less by (10 ± 3) % than in the samples from the first batch. The disappearance of tracks of α-particles to a depth of no more than 40 µm was observed at all control points on the three studied samples. The total distribution of all found planar traces by depth ( Figure   12 ) gives an idea of this effect. The average value of the penetration depth of uranium is 15 µm with 6 µm RMS. It can be concluded that the absorption of uranium had proceeded in the surface layer of gelatin (in fact, protein medium).
In the context of the proposed study, this effect indicates that the search for fission events should be almost planar, which is a fundamental simplification. In general terms, this observation is important for understanding the danger of uranium compounds to humans.
At the same time, it allows us to offer methods of cleaning from contamination with gelatin. Thus, the major prerequisites are available to argue application of NTE technique in the state-of-art problems of the nuclear fission physics. Due to perfect observation the 8 Be accompanied channel of the ternary fission can become the "Golden key" for experimental verification of the CCT hypothesis. It is possible to be identifiable 8 Be decays in NTE by measurements of decay α-particle ranges and emission angles. Such events could be found among 4-prong ones. Smaller thickness and larger ranges of α-particle ranges in them will allow to distinct them from quaternary fission cases. Observation of heavy fragments is a principal advantage NTE allowing studying angular correlations.
Use of microscopes is last but not least aspect The use of modern computerized and automatic microscopes for the analysis of nuclear emulsion, containing both fission events and associated traces of radioactivity, allows one to address to tasks of the past at the stateof-art level that were considered exhausted due to the limited possibilities of direct human analysis. Being provided with relevant image recognition programs they could be suggested to finding and measuring short nuclear tracks with the most precise spatial resolution at an unprecedented statistics level. However, recognition of few-prong events in NTE has not yet been achieved with an automated microscope, especially, when real study complications are taken into account. At the present stage, automatic analysis can very effectively complement the human search for rare triple and fourfold fission events in monitor counting of binary fission and -radioactivity tracks. Computerization of measurements on the microscope and automatic changing lenses to higher magnification when a relevant event is found can radically enhance researcher capabilities. Suitable microscopes are available on the market.
